mM DTT. The column was washed with 5 bed volumes of the equilibration buffer and the fusion protein was eluted using a KCl gradient (20-500 mM). His-tagged MBP-TEVHttEx1Q41 eluted from this column at 200 mM KCl and its concentration was determined from its absorbance at 280 nm using an extinction coefficient of 67840 M -1 cm -1 . MBP-TEV Protease, produced using the plasmid pRK1043 (Addgene), was added to the eluted protein at a 1:5 w:w ratio and 100% cleavage, as assessed using SDS-PAGE was achieved upon incubating the mixture for 1 h at 37°C. The mixture was then loaded on a 1 ml bed volume Talon column, the column was washed with 20 bed volumes of 20 mM Tris-HCl pH 7.5, 100 mM KCl and HttEx1Q41 was eluted in 20 mM Tris-HCl pH 7.5, 100 mM KCl, 200 mM imidazole. The protein was immediately desalted using PD-10 desalting columns (GE Healthcare) equilibrated in 50 mM Hepes-KOH, pH 7.5, 150 mM NaCl, aliquoted, flash frozen in liquid nitrogen and stored at -80°C until use. The protein concentrations in the final eluate were systematically comparable to that following cleavage as assessed by SDS-PAGE analysis.
Assembly of α-syn and HttEx1Q41 into fibrils
For fibril formation, α-syn was incubated in assembly buffer (20 mM Tris-HCl, pH 7.5, 150
mM KCl, 0.5 mM EGTA) at 37°C under continuous shaking. HttEx1Q41 was incubated in 50 mM Hepes-KOH, pH 7.5, 150 mM NaCl at 25°C without shaking. At regular time intervals, aliquots were withdrawn and the assembly process was monitored using Thioflavin T (ThT) binding by averaging the emission signal at 480 nm for an excitation wavelength of 440 nm over 30 s using a Cary Eclipse spectrofluorometer (Varian Inc., Palo Alto, CA).
Analytical ultracentrifugation
Analytical ultracentrifugation (AUC) is a widely used tool to determine the size distribution of macromolecules in solution. Sedimentation velocity measurements were carried out using a
Beckman Optima XL-A ultracentrifuge equipped with UV-visible detection system using an AN60-Ti four-hole rotor and cells with two-channel 12 mm pathlength centerpieces. For monomeric and on-assembly pathway oligomeric α-syn, 400 µl samples were spun at 50000 rpm (182000 x g), 15°C. In the case of fibrillar α-syn and HttEx1Q41, the samples (400 µl)
were spun at 3000 rpm (655 x g) and 2000 rpm (290 x g), respectively, at 20°C. Sample displacement profiles were obtained by recording the absorbance at 280 nm every 5 min and at 235 nm every 2 min for α-syn and HttEx1Q41, respectively. Sedimentation coefficient continuous c(s) and ls-g*(s) distributions were determined using the software Sedfit (1, 2).
For each experimental condition used, the partial specific volume, the buffer viscosity and density were calculated with the software Sednterp and are shown in Table S1 in the Supporting Material. For all the measurements, the sedimentation coefficient values were corrected to s 20,w (standard solvent conditions in water at 20°C).
Quantitative electron microscopy
Protein assemblies were examined by transmission electron microscopy (TEM) in a Jeol 1400 transmission electron microscope following adsorption onto carbon-coated 200 mesh grids and negative staining with 1% uranyl acetate. The images were recorded with a Gatan Orius CCD camera (Gatan). Quantitative negative-staining electron microscopy was performed using an airfuge EM90 rotor (Beckman Instruments, Inc., Brea, CA). containing 10% fetal bovine serum, 2 mM glutamine, 100 units/ml penicillin and 100 µg/ml streptomycin.
Cell viability assay
All materials used for cell culture were from PAA Laboratoires GmbH (Pasching, Austria).
The toxicity of protein assemblies was assessed by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) reduction inhibition assay, as previously described (3).
In some experiments fibrillar samples were preincubated overnight in the cell culture medium and ultrafiltered through vivaspin 100 KDa or 1 MDa columns (Sartorius Stedim Biotech, Goettingen, Germany) before their addition to the cell cultures. The absorbance of the formazan was measured at 570 nm in a FlexStation3 microplate reader (Molecular Devices, Sunnyvale, CA).
Cell survival assay
Equal numbers of cells lifted by 0.5 mM EDTA were incubated in suspension in the presence of increasing concentrations of α-syn assemblies for 20 min. Cells were then replated on Petri dishes and cultured for 24 h in the presence of added α-syn. The surviving adherent cells were then lifted by EDTA and their number was determined in the presence of trypan blue in 6 independent experiments using a hemocytometer.
Caspase-3 activity
Cells treated for 24 h with α-syn and HttEx1Q41 assemblies were lysed in 20 mM Tris-HCl, pH 7.5, containing 250 mM NaCl, 2 mM EDTA, 0.1% Triton X-100, 1 mM DTT. Extracts obtained from equal numbers of cells were incubated for 2 h at 37°C in the presence of 50 µM
N-acetyl-DEVD-7-amino-4-trifluoromethylcoumarin fluorogenic substrate (Enzo Life
Sciences) in 50 mM HEPES-KOH, pH 7.0, 10% glycerol, 0.1% 3-[(3-cholamidopropyl)-dimethylammonium]-1-propane sulfonate, 2 mM EDTA, 10 mM DTT. The fluorescence of the aminofluorocoumarin formed upon cleavage of the substrate by caspase-3 was measured using a Cary Eclipse spectrofluorometer with excitation and emission wavelengths set at 400 and 505 nm, respectively.
Preparation of phospholipid unilamellar vesicles
Lipids were purchased from Avanti Polar Lipids (Alabaster, AL). Vesicles containing 1,2-dioleoyl phosphatidylserine (DOPS), 1,2-dioleoyl phosphatidylcholine (DOPC), 1,2-dioleoyl phosphatidylglycerol (DOPG), soy L-α-phosphatidylinositol (PI), 1-palmitoyl-2-oleoyl phosphatidylethanolamine (POPE), porcine brain total lipid extract or cholesterol mixed at the appropriate molar ratio were prepared as previously described (3) with slight modifications.
Briefly, the phospholipids in chloroform were dried in glass tubes under a gentle nitrogen stream. The lipid films were hydrated at 10 mg/ml in 50 mM Hepes pH 7.5, subjected to five freeze-thaw cycles of 2 min each, subjected to sonication for 20 min and centrifuged at 10000
x g for 10 min. For the calcein release assays, the lipid films were resuspended in 50 mM Hepes pH 7.5 containing 60 mM calcein (Sigma, St Louis, MO) and treated as described above. The excess nonencapsulated calcein was removed by gel-filtration on PD-10 desalting columns (GE Healthcare).
Membrane association assay
50 nM on-assembly pathway oligomeric or fibrillar α-syn was incubated with phospholipid vesicles (6.25 mM lipids) for 30 min at room temperature in 200 µl of 50 mM Hepes, pH 7.5
and fractionated on an 80-60-10% sucrose gradient. Briefly, the protein-lipid mixture was adjusted to 80% sucrose by addition of a freshly prepared 100% sucrose in 50 mM Hepes, pH 7.5 solution (800 µl). 1 ml of 60% sucrose was layered over this solution and 0.5 ml of 10% sucrose was layered on the top of the 60% sucrose solution. The tubes were spun at 40000 rpm in a Beckman SW60 rotor for 16 h at 15°C in an Optima L90K Beckman ultracentrifuge.
After ultracentrifugation, fractions with increasing sucrose concentration were collected from the top of the gradient and processed for SDS-PAGE on 10% Tris Tricine-SDSpolyacrylamide gels to assess the distribution of the protein throughout the gradient.
Following Coomassie Blue staining, the protein content of each fraction was quantified using the software ImageJ (National Institute of Health, available at rsb.info.nih.gov/ij).
For HttEx1Q41, 0.35 nM of Alexa Fluor 488-labeled fibrils were used, and the protein concentration within each fraction determined by measurement of Alexa Fluor 488 fluorescence in a Cary Eclipse spectrofluorometer with the excitation and emission wavelengths set at 495 nm and 520 nm, respectively.
Calcein release assay
The assay was performed as described (3). Calcein-loaded lipid vesicles were incubated in 50 mM Hepes pH 7.5 in the presence of 0.2 nM soluble or fibrillar α-syn in 1 cm pathlength cuvettes with magnetic stirring in the Varian Cary Eclipse spectrofluorometer with the excitation and emission wavelengths set at 490 nm and 520 nm, respectively. Calcein is selfquenched in the vesicle acqueous core and its α-syn/HttEx1Q41-mediated leakage to the external medium can be monitored over time (30 min) as an increase in fluorescence. The extent of calcein release was expressed as fraction of the maximum release due to complete vesicle disruption upon addition of 0.1% Triton X-100 at the end of each experiment.
α-syn and HttEx1Q41 labeling with extrinsic fluorophores, intracellular Ca 2+ levels measurements and epifluorescence microscopy imaging
Fibrillar α-syn and HttEx1Q41 in 50 mM Hepes-KOH, pH 7.5 were labeled by addition of 2 molar excess of the aminoreactive fluorescent dyes Alexa Fluor 488 or 555 carboxylic acid, succinimidyl ester (Invitrogen) as described (4). Unlabeled and labeled α-syn and HttEx1Q41 assemble de novo in a similar manner and the assemblies look identical in the electron microscope after negative staining. In addition, preformed labeled and unlabeled α-syn and HttEx1Q41 assemblies cross-seed the assembly of labeled or unlabeled soluble α-syn and HttEx1Q41. Thus, labeling has no effect on assembly and the assemblies are functionally and structurally indistinguishable (4, 5).
Cells cultured on ibidi-µ-Dishes (Biovalley) were stained with 5 µg/ml wheat germ agglutinin (WGA), tetramethylrhodamine conjugate for 10 min. The cells were then washed and incubated for 10 min with Alexa Fluor 488-labeled fibrillar α-syn or HttEx1Q41 (0.3 nM).
Following a wash step, the cells were immediately imaged on a Zeiss Axio Observer Z1 epifluorescence microscope equipped with an Incubator XLmulti S1 RED LS (Carl Zeiss) and an Orca-R 2 camera (Hamamatsu).
To monitor intracellular free Ca 
Statistical analysis
Cell viability data were analyzed using two-sample, one-tailed independent Student's t-tests. 
